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Echocardiographic demonstration of systolic anterior 
motion of the mitral valve was seen in a 17 year old 
patient after the Mustard operation for d-transposition 
of the great arteries with intact ventricular septum. An 
increased flow velocity was measured by continuous wave 
The pathophysiologic alterations in d-transposition of the 
great arteries after the Mustard operation have been docu•
mented by echocardiography (1-5), This technique has 
demonstrated abnormal configuration of the arteries. di•
mensional changes of right and left ventricular cavities, 
abnormal motion of the interventricular septum and the lo•
cation and function of the interatrial baffle, Abnormal sys•
tolic anterior mitral motion in d-transposition of the great 
arteries has been reported before and after the Mustard op•
eration (4,6-8). However. this phenomenon has not been 
correlated with Doppler echocardiography , which is capable 
of noninvasively measuring a gradient across the left ven•
tricular outflow tract. 
We describe a patient with d-transposition of the great 
arteries after the Mustard operation exhibiting systolic an•
terior motion of the mitral valve on combined two-dimen•
sional and continuous wave Doppler echocardiography and 
relate these findings to the presence of a left ventricular 
outflow tract gradient. These observations have relevance 
for the understanding of the origin of systolic anterior motion 
of the mitral valve in other conditions, too. 
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Doppler echocardiography in the left ventricular outflow 
tract corresponding to an estimated peak gr~dient of 46 
mm Hg. The presence of such a gradient had been shown 
earlier by the postoperative cardiac catheterization. 
(J Am Coli CardioI1986;7:889-93) 
Methods 
History and physical examination. A 17 year old boy 
with d-transposition of the great arteries and intact inter•
ventricular septum after the Mustard operation was referred 
to the Thoraxcenter for evaluation. He had undergone a 
Rashkind atrial septostomy at the age of 4 days. At the age 
of 5 years he underwent surgical correction by the Mustard 
procedure and since then had been relatively asymptomatic 
(New York Heart Association functional class I). On phys•
ical examination no signs of central or peripheral cyanosis 
were present. The blood pressure was 120175 mm Hg and 
all peripheral pulses were normal. The first heart sound was 
normal; the second heart sound split normally during in•
spiration. No extra heart sounds were heard. A grade 3/6 
ejection murmur was present in the second left intercostal 
space with radiation toward the neck but not to the apex. 
The electrocardiogram showed sinus rhythm and signs of 
right ventricular hypertrophy or dilation, or both. Chest x•
ray film revealed right heart enlargement with clear lung 
fields. 
Echocardiographic examination. Two-dimensional and 
Doppler echocardiography were performed with a com•
mercially available Toshiba SSH 40 phased array sector 
scanner, which contains a pulsed and continuous wave Dop•
pler unit. Parasternal and apical views of both ventricles 
were utilized for two-dimensional imaging (9). For Doppler 
examination the apical four chamber and long-axis cross 
sections were used to guide the interrogating sound beam 
through the mitral orifice and the left ventricular outflow 
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tract. The apical long-axis cross section pennitted excellent 
visualization of the left ventricular outflow tract. In this area 
the highest blood flow velocity was searched for by angu•
lating the transducer while guided by the two-dimensional 
image and audio signals. The detection of the maximal flow 
jet was achieved utilizing the continuous wave output of the 
Doppler system. From the Doppler velocity trace the max•
imal and mean pressure gradients were calculated by a com•
puter system as the average of measurements from four 
consecutive beats applying the simplified Bernoulli equation 
(10). 
Cardiac catheterization and surgical findings. Cardiac 
catheterization was perfonned 2 months before and also 2 
years after operation. A mean pressure drop between the 
left ventricular outflow tract and pulmonary artery of 56 and 
29 mm Hg, respectively, was measured during these pro•
cedures. No provocative measures were carried out. Cine•
angiocardiography revealed systolic obstruction of the left 
ventricular outflow tract by abnonnal systolic anterior mitral 
motion on both occasions but no evidence of mitral regur•
gitation. Total correction by the Mustard technique was 
Figure 1. M-mode echocardiogram of the pulmonary valve. Early 
systolic closure and coarse systolic flutter of the anterior pulmonary 
valve leaflet are shown (arrow). 
RV 
Figure 2. Stop frame of two-dimensional echocardiogram ob•
tained at the beginning of systole. An altered geometry of both 
cavities is visible with a dilated right ventricle (RV) and a small 
left ventricle (LV). The interventricular septum has a flattened 
movement during systole consistent with right ventricular volume 
or pressure overload, or both. 
perfonned and during surgery the left ventricular outflow 
tract and pulmonary artery were carefully inspected, but no 
anatomic abnonnaJity or narrowing of these structures was 
Figure 3. Two-dimensional apical long-axis view of the left ven•
tricle obtained at the end of diastole. There is no evidence of 
anatomic obstruction of the left ventricular outflow tract. 
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Figure 4. Sequential two-dimensional echocardio•
graphic stop frame images obtained during the same 
cardiac cycle in the apical long-axis view. Each stop 
frame is accompanied by a schematic illustration. 
A, At end-diastole the anterior and posterior leaflets 
of the mitral valve (MV) coapt near their distal 
margins. B, During early systole, both leaflets have 
begun to move toward the ventricular septum. C, 
During mid-systole the leaflets protrude into the left 
ventricular outflow tract and make contact with ven•
tricular septum demonstrating systolic anterior mo•
tion. LA = left atrium; LV = left ventricle; PA 
= pulmonary artery. 
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found. Therefore, the pressure drop measured during cardiac 
catheterization was thought to be a functional phenomenon. 
Doppler and echocardiographic findings. On the M•
mode echocardiogram systolic anterior motion of the mitral 
valve was seen. Premature systolic closure of the pulmonary 
valve with coarse systolic fluttering was also present (Fig. 
1). Two-dimensional echocardiographic examination showed 
the altered geometry of both ventricles with a dilated right 
ventricular cavity and a small left ventricular cavity (Fig. 
2). There was no evidence of an anatomic subpulmonary 
obstruction (Fig. 3). Systolic narrowing of the left ventric•
ular outflow tract was produced by the hyperdynamic motion 
pattern of the left ventricular posterior wall with secondary 
anterior displacement of both mitral valve leaflets demon•
strating systolic anterior mitral valve motion (Fig. 4). By 
the continuous wave Doppler technique the flow velocity 
through the left ventricular outflow tract was recorded. From 
this peak systolic velocity of 3.4 rn/s a gradient across the 
outflow tract of 46 mm Hg was calculated; the mean flow 
velocity and the mean gradient were 2.4 rn/s and 28 mm 
Hg, respectively (Fig. 5). 
Discussion 
Systolic anterior mitral motion. The presence of sys•
tolic anterior motion of the mitral valve before and after the 
Mustard procedure in patients with d-transposition of the 
great arteries and intact interventricular septum has been 
documented by echocardiography (2,4,6,7). On the basis 
of echocardiographic observations it was suggested that sys•
tolic anterior motion in d-transposition may merely reflect 
turbulent flow and is not necessarily related to a left ven•
tricular outflow tract pressure gradient (2). Other investi•
gators (11) described systolic anterior mitral valve motion 
in association with obstruction of the left ventricular outflow 
tract. Some authors (7,8,12) also proposed that the smaller 
left ventricular cavity leads to a closer anterior apposition 
of the mitral valve to the interventricular septum. This in•
terventricular septum of normal thickness was described as 
bulging posteriorly into the left ventricle during early sys•
tole, as documented by cineangiocardiography. It was pro•
posed (4,13) that this last phenomenon causes further an•
terior displacement of the mitral valve in systole as a result 
of high velocity of flow in the left ventricular outflow tract. 
Mechanisms. To our knowledge the present report de•
scribes for the first time the presence of a left ventricular 
outflow tract gradient by Doppler echocardiography (con•
firmed at cardiac catheterization) and associated with two•
dimensional echocardiographic demonstration of systolic 
anterior mitral valve motion in a patient with d-transposition 
of the great arteries after the Mustard operation. In our 
patient probably more than one mechanism is involved in 
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Figure 5. A, Spectral display of the blood flow velocities recorded 
from the left ventricular outflow tract. The direction of the jet is 
away from the transducer. The apical long-axis cross section has 
been used for imaging the left ventricular outflow tract and for 
guiding the Doppler ultrasound beam. ECG = electrocardiogram. 
B, The actual two-dimensional echocardiogram, with the contin•
uous wave Doppler beam passing through the left ventricular out•
flow tract, shows the area from where the highest blood flow 
velocity is recorded, guided by the audio signal. IVS == inter•
ventricular septum; LV = left ventricle; MV = mitral valve. 
as the pressure gradient across the left ventricular outflow 
tract. Two-dimensional echocardiography showed modest 
hypertrophy of the basal interventricular septum and a small 
left ventricular cavity with abnormal geometry. The inter•
ventricular septum showed posterior displacement during 
ventricular filling but flat movement during systole, as a 
consequence of the inverted role of the ventricles (2,14,15). 
These pathophysiologic alterations of left ventricular shape 
associated with the decreased afterload (in fact, the left 
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ventricle faces pulmonary resistance) are probably respon•
sible for the abnormal pattern of contraction and for the 
hyperkinesia of the left ventricular posterior wall. This mo•
tion pattern caused anterior displacement of both mitral leaf•
lets producing systolic anterior mitral valve motion and left 
ventricular outflow tract obstruction with a pressure gra•
dient, although only modest septal hypertrophy and no 
prominent posterior systolic bulging of the interventricular 
septum were present. Consequently, the pressure gradient 
in the outflow tract occurring in such situations can be con•
sidered as a dynamic event determined by the increased 
contraction of the posterior wall. 
We thank M. van der Kolk for secretanal assIstance. 
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